1 ENVIRONMENTAL CONTROL SYSTEM FOR AN AIRCRAFT 

2 

3 BACKGROUND OF THE INVENTION 

4 

5 Field of the Invention 
6 

7 (001) The invention relates to the field of environmental control systems for 

8 aircraft and, in particular, to a hybrid vapor cycle and air cycle environmental 

9 control system. 
10 

1 1 Description of Related Art 
12 

13 (002) Conventional aircraft cooling system use either air cycle cooling 

14 system (ACS) or vapor cycle cooling system (VCS) to provide vehicle 

15 cooling. The vapor cycle system based on the conventional low temperature 

16 refrigerant such as R-134a is used in automobile applications may be used 

17 for low speed aircraft. The system is typically cooled by ram air but with the 

18 need for drag reduction, some systems are cooled by fuel. However, the fuel 

19 used for the cooling the system condenser has to be limited in a relative low 

20 temperature level such as lower than 140 degree F. The VCS has a higher 

21 coefficient of performance (COP) because the high level of latent heat 

22 change from liquid to vapor state. The COP is defined as the cooling 

23 capacity versus the work required by the system. 
24 

25 (003) The air cycle cooling system in various configurations has been used 

26 for most of aircraft cooling design. Most ACS use ram air to cool the engine 

27 bleed air using a primary heat exchanger before it is compressed and then 

28 cooled by a ram air-cooled secondary heat exchanger after the air is 

29 compressed by a compressor. The cooled air then is expanded through the 

30 cooling turbine to produce low temperature cooling air for distribution in to 
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1 

2 (007) It is another primary object of the invention to provide an environmental 

3 control system for an aircraft that is suitable for use in aircraft flying at very 

4 high velocities and high altitude. 
5 

6 (008) It is a further object of the invention to provide an environmental control 

7 system for an aircraft that is a hybrid air cycle system and vapor cycle system. 
8 

9 SUMMARY OF THE INVENTION 

10 

1 1 (009) The invention is an environmental control system for an aircraft. In 

12 detail, the invention includes a vapor cycle system (VCS) including a 

13 compressor to compress the refrigerant. A condenser, cooled by fuel, is 

14 connected to the compressor wherein the pressurized refrigerant is liquefied. 

15 Coupled to the condenser is a throttle valve wherein the compressed and 

16 cooled refrigerant is expanded further reducing the temperature thereof. A 

17 primary evaporator is connected to the throttle valve and receives the 

18 expanded refrigerant. The primary evaporator is coupled to a separate 

19 cooling system wherein a liquid medium is cooled by the expanded 

20 refrigerant. A secondary evaporator is connected to the primary evaporator 

21 receives the refrigerant from the primary evaporator and cools the 

22 compressed air from an air cycle system, in a manner to be subsequently 

23 discussed. 
24 

25 (010) The invention further includes an air cycle system (ACS). The ACS 

26 includes a compressor system for providing compressed air. An air/fuel heat 

27 exchanger is coupled to the compressor system. The air/fuel heat exchanger 

28 receives fuel from the condenser of the VCS and cools the compressed air. 

29 The fuel is than passed to the engine and consumed. The secondary 

30 evaporator of the VCS is coupled to the air/fuel heat exchanger and receives 
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1 the now partially cooled and compressed air and further cools the air by 

2 means of the refrigerant passing there through. Thereafter the further cooled 

3 compressed air is directed through a recuperate heat exchanger, a heat 

4 exchanger for moisture condensing, and through a water separator. A turbine, 

5 which drives a generator, is coupled to the water separator. As the 

6 compressed air drives the turbine it expands and is further cooled. It then 

7 passes through a final stage heat exchanger providing cooling and to the 

8 cockpit and a cooling heat exchanger for a separate cooling system for 

9 avionics. The expanded air then passes through the recuperate heat 

10 exchanger (providing cooling therefore) and is coupled to the inlet of the 

1 1 compressor where the air is recycled. 
12 

13 (011) The innovation is the use of the air/fuel heat exchanger to initially cool 

14 the compressed air and the coupling of the secondary evaporator of the VCS 

1 5 there to for additional cooling of the pressurized air. 
16 

17 (012) The novel features which are believed to be characteristic of the 

18 invention, both as to its organization and method of operation, together with 

19 further objects and advantages thereof, will be better understood from the 

20 following description in connection with the accompanying drawings in which 

21 the presently preferred embodiment of the invention is illustrated by way of 

22 example. It is to be expressly understood, however, that the drawings are for 

23 purposes of illustration and description only and are not intended as a 

24 definition of the limits of the invention. 
25 

26 BRIEF DESCRIPTION OF THE DRAWINGS 

27 

28 (013) Figure IA is a first half of a schematic of the environmental control 

29 system. 
30 
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1 (014) Figure 1 B is a second half of the schematic sown in Figure 1 A 
2 

3 DESCRIPTION OF THE PREFERRED EMBODIMENT 

4 

5 (015) Referring to Figure 1 an aircraft 10, including a fuel tank 12 and a jet 

6 engine 14. The jet engine 14 includes a fan 16, compressor section 18, 

7 combustion section 20 and turbine section 22 for driving the fan and 

8 compressor section through a drive shaft assembly 24. The environmental 

9 control system, generally indicated by numeral 26 includes a vapor cycle 
1 0 system 28 and an air cycle system 30 that are coupled together. 

11 

12 (016) The vapor cycle system 28 includes a compressor assembly 32 driven 

13 by electric motor 34. The compressor assembly 32 compresses a refrigerant 

14 (not shown) where the temperature pressure their of is raised. The refrigerant 

15 then passes into a flow path 35 to a ground-cooling condenser 36, for use 

16 when the aircraft's engine 14 is off and no fuel is flowing. The refrigerant is 

17 cooled by a fan 38. The ground-cooling condenser 36 is coupled to a 

18 condenser 40 wherein the refrigerant is cooled while still at high pressure. 

19 When the engine 14 is running, cooling is provided by fuel from the aircraft's 

20 fuel tank 12 which passes through the condenser 40 to a engine fuel control 

21 42 through a high pressure/high temperature heat exchanger 44 and into the 

22 combustion section 20 of the engine. 
23 

24 (017) The refrigerant passes from the condenser 40 and exits as a liquid. 

25 The refrigerant then continues on the flow path 35 through a throttle valve 46, 

26 where the refrigerant is expanded to a vapor state causing a further drop in the 

27 temperature. The refrigerant, continuing on the flow path 35, then passes 

28 through a primary evaporator 48, secondary evaporator 50 and then returns to 

29 the compressor assembly 32. Cooling of equipment 52 is accomplished by a 

30 cooling loop 54. The cooling loop 54 includes a pump 56, which circulates a 
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1 cooling liquid through the primary evaporator 48, where it is cooled, and 

2 thereafter through the equipment 52. 
3 

4 (018) The air cycle system (ACS), 30 includes an integrated power and 

5 cooling unit (IPCU) 59 that comprises a compressor 60 coupled to a turbine 62 

6 by shaft 64 having a combustion section 66 there between. A valve system 68 

7 controls the flow of air from the compressor to the combustion section 60. An 

8 air inlet 70 provides ambient air to the compressor 60. A valve 72 in the air 

9 inlet 70 controls airflow there through. The compressor 60 is also coupled to 

10 the compressor section 18 of the engine 14 via flow path 73 with flow there 

1 1 through a fan duct heat exchanger 74 cooled by fan air and controlled by valve 

12 75. A starter/generator 76 is coupled to the shaft 64. Thus the 

13 Starter/generator 76 in the starter mode can be used to start the IPCU, or 

14 once the IPCU is started it can drive the starter/generator in the generator 

1 5 mode. 
16 

1 7 (019) When the IPCU 59 is operating in the normal cooling mode, air from the 

1 8 compressor section 1 8 of the engine 14 is directed to the compressor 60 of the 

19 IPCU controlled by a valve 75. A flow path 78 connects compressor 60 is 

20 coupled to the heat exchanger 44. The compressed air continues along flow 

21 path 78 through the secondary evaporator 50, wherein it is further cooled. The 

22 flow path 78 continues to recuperate heat exchanger 80 to be cooled by the 

23 recirculating air, to heat exchanger 82, water separator 84 and to turbine 88, 

24 which drives generator 90. A ram air inlet 92 is coupled to the turbine 88 with 

25 the flow controlled by valve 94. An over board exhaust line 96 having control 

26 valve 98 therein is also coupled to the turbine 88. The output from the turbine 

27 88 continues along flow path 78 through the heat exchanger 82 to the cockpit 

28 100 and to cooling heat exchanger 102. Thereafter the flow path 78 passes 

29 through recuperate heat exchanger 80 and back to the compressor 60. A 

30 second cooling loop 104 includes a pump 106 that circulates cooling media 
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1 such as ethylene glycol water (EGW) or polyalpholephin (PAO) through the 

2 cooling heat exchanger 102 and avionics equipment 108. 
3 

4 (020) Having described the various components of the system, following is a 

5 description of the operation thereof. During the IPCU starting mode, when 

6 valves 75 is closed, valve system 68 and 72 are open, and starter/generator 

7 76 is in the starter mode, the IPCU 59 can be started when fuel is injected into 

8 the combustion section 66 and ignited. After light off, the hot gas exits from 

9 the combustor 66 and drives the turbine 62. The turbine 62 then drives the 

10 compressor 60. After the IPCU has been started, the starter/generator 76 can 

1 1 be switched to the generator mode providing electrical power. When the IPCU 

12 59 is operating in normal cooling mode, the starter/generator 76 is in the 

13 motoring mode, valves 72 and 68 are closed, valve 75 is open. Thus bleed air 

14 from the engine transferred by flow path 73 can be further compressed by the 

15 compressor 60 and fed to the heat exchanger 44 where the air is cooled by 

16 the fuel passing there through and on to the engine. Thereafter the air passes 

17 through the secondary evaporator 50 where it is further cooled. The air 

18 passes through the recuperate heat exchanger 80, passes to heat exchanger 

19 82 to water separator 84 and to Turbine 88. 
20 

21 (021) At this point valves 98 and 94 are closed and the compressed air drives 

22 turbine 88, which in turn drives generator 90. The power generated is used to 

23 drive the starter/generator 76 now in motoring mode. As the air drives turbine 

24 88, it expands and cools. It then passes though heat exchanger 82 cooling 

25 the air from the recuperate heat exchanger 80 and then passes into the 

26 cockpit 100 and cooling heat exchanger 102. A cooling loop 104, having a 

27 pump 106 therein circulates a cooling medium through the heat exchanger 

28 102 for cooling avionics equipment 108. The air then passes through 

29 recuperate heat exchanger 80 where it cools air from the secondary 
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1 evaporator 50 and then returns to compressor 60 mixing with make up air from 

2 the compressor section 1 8 of the engine 14. 
3 

4 (022) Should the engine 14 fail, the valves 94 and 98 are opened and ram air 

5 enters and drives the turbine 88 A ram air inlet 92 having a control valve 94 for 

6 controlling airflow there through is coupled to the turbine 88 A turbine exhaust 

7 port 96 having a control valve 98 mounted therein, dumps the exhaust from 

8 the turbine 88 overboard. The electrical power generated by generator 90 in 

9 this engine 14 failure mode is used to power the aircraft system emergency 
1 0 loads. 

11 

12 (023) In the VCS, after the engine has been started and fuel is flowing, the 

1 3 motor 34 drives the compressor assembly 32, which provides refrigerant to the 

14 ground-cooling condenser 36 cooled by fan 38 to a liquid state on the ground. 

15 In flight, the refrigerant passes through condenser 40. The refrigerant passes 

16 the throttle valve 46 where it expands it into a vapor and it passes through the 

17 primary evaporator 48 and secondary evaporator 50 and back to the 

18 compressor assembly 32. The pump 56 in the first cooling loop 54 passes 

19 cooling media such as EGW or PAO through the primary condenser 48. 

20 Thereafter the air is transferred to the equipment 52 cooling same and 

2 1 thereafter circulates back to pump 56. 
22 

23 (024) If the main generator failed, engine bleed air through flow path 109 is 

24 used to drive the power turbine 62 through valve 110 now is open. The 

25 compressor 60 and starter/generator 76 are driven to compress air and 

26 generating electrical power. Power generated from the generator 90 driven by 

27 the cooling turbine 88 is used to power the aircraft electrical power system. 
28 

29 (025) Before the engine is started, there is no fuel flowing. The cooling 

30 system including ACS 30 and VCS 28 are powered by ground electrical power. 
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1 Valve 68 and 75 are closed and valve 72 is open. Air is circulated by the 

2 compressor 60 driven by the starter/generator 76 in motoring mode. The ACS 

3 heat is transferred to the VCS through the secondary evaporator 50. The 

4 compressor of the VCS 28 is driven by the motor 34 driven by electrical 

5 ground power. Since there is no fuel flow through the condenser 40, the VCS 

6 heat is removed through the ground cooling heat exchanger 36 by the air 

7 blowing from the ground cooling fan. 
8 

9 (026) The uniqueness of this design is the integration of VCS and ACS to 

10 form an efficient cooling system and the use of high temperature refrigerant 

1 1 for sinking heat into fuel at a relatively high temperature. The system is also 

12 unique in providing low and mid-temperature cooling partition that can be 

13 partitioned to match the system heat loads. By load partitioning and system 

14 integration, the ACS does not have to be designed for the total heat loads 

1 5 thus enables a lower volume system that is typically a problem of the ACS. 
16 

17 (027) While the invention has been described with reference to a particular 

18 embodiment, it should be understood that the embodiment is merely 

19 illustrative, as there are numerous variations and modifications, which may be 

20 made by those skilled in the art. Thus, the invention is to be construed as 

21 being limited only by the spirit and scope of the appended claims. 
22 

23 INDUSTRIAL APPLICABILITY 

24 

25 (028) The invention has applicability to the aircraft industry. 
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